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ABSTRACT 
 
The purpose of this research is to develop the 
e-Learning on satellite orbit design in 
satellite communication subject. Satellite 
orbit design learning is an interesting and 
important part of study in satellite 
communication subject. It is the subject 
content that teaches students to know how to 
design, to create, to modify, and to control 
the satellite’s orbit.  The e-Learning on 
satellite orbit design is divided into three 
parts which are the concept design, orbit 
calculation, and simulation. The sample 
group of this research was seven master’s 
degree students who studied in electrical 
communications engineering program, 
Department of Engineering Education, 
Faculty of Industrial Education, King 
Mongkut’s Institute of Technology 
Ladkrabang. Students were taught, learned, 
and used on the development of the 
e-Learning on satellite orbit design. The 
result of this research is indicated that the 
achievement score of students on score on 
the e-Learning is higher than the before 
achievement score of students at less than 
0.01 in significant statistical level. 
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1) INTRODUCTION 
    
In the satellite communication subject, students 
are required to learn about the satellite orbit. 
Satellites can operate in several types of orbits. 
The most common orbits for environmental 
satellites are geostationary and polar, but some 
satellites also fly in inclined orbits. Other types 
of orbits are possible, such as the Molniya 
orbits commonly used for spacecraft. Students 
who study in electrical communications 
engineering program need to understand the all 
types of satellite orbit design especially in 
broadcasting satellites that send and receive 
television signals to television program which 
can be seen all over the world. 
 
The e-Learning on satellite orbit design on this 
research is developed according to Kemp 
(1990) who stated that in the core knowledge on 
satellite orbit design, the learners must 
understand five classical orbit parameters in 
orbital plane including semi-major axis, 
eccentricity, inclination, right ascension of the 
ascending node, and argument of perigee.   
 
2) RESEARCH OBJECTIVE 
 
In this research, the research objective is to 
develop the e-Learning on satellite orbit design 
in satellite communication subject for students 
who study in master’s degree majoring in 
electrical communications engineering.  
 
The e-Learning on satellite orbit design is 
accomplished in four primary goals: 
 
1. Give students increasingly interest 
on satellite orbit design. 
2. Help students understand on 
satellite orbit design. 
3. Help student achievement on 
satellite orbit design. 
4. Give teachers and students a tool for 
learning on satellite orbit design. 
 
In this research, the researchers used and listed 
the types of satellite orbit design that were 
taught for master’s degree students in 
telecommunications engineering program, 
Department of Engineering Education, Faculty 
of Industrial Education, King Mongkut’s 
Institute of Technology Ladkrabang. There are 
five types on satellite orbit design following as: 
 
1. Geostationary orbit design 
2. Circular orbit design 
3. Repeating ground trace orbit design 
4. Molniya orbit design 
5. Sun synchronous orbit design 
 
3) DEVELOPED CONTENT 
 
According to the five types of satellite orbit 
design, the researchers developed the content 
into three parts which are the concept design, 
orbit calculation, and simulation along with 
each satellite orbits.  
 
3.1) Concept Design 
 
3.1.1. Geostationary Orbit 
• A geostationary orbit (GEO) is a 
geosynchronous orbit directly above the Earth's 
equator (0° latitude), with a period equal to the 
Earth's rotational period and an orbital 
eccentricity of approximately zero. From 
locations on the surface of the Earth, 
geostationary objects appear motionless in the 
sky, making the GEO an orbit of great interest to 
operators of communications and weather 
satellites.  
• Geostationary orbits are useful because they 
cause a satellite to appear stationary with respect 
to a fixed point on the rotating Earth. As a result, 
an antenna can point in a fixed direction and 
maintain a link with the satellite. The satellite 
orbits in the direction of the Earth's rotation, at 
an altitude of 35,786 km above ground. This 
altitude is significant because it produces an 
orbital period equal to the Earth's period of 
rotation, known as the sidereal day.  
 
3.1.2. Circular Orbit 
• A circular orbit (CIO) is a satellite orbit directly 
above the Earth, with an orbital eccentricity of 
approximately zero. From circular objects in the 
sky, the CIO is an orbit of great interest to 
operators of navigation and remote sensing 
satellites.  
• The satellite orbits in the direction of the Earth's 
rotation, at different altitudes of orbits above 
ground. The vary altitude is useful because it 
produces an orbital period equal to/less 
than/more than the Earth's period of rotation.  
 
3.1.3. Repeating Ground Trace Orbit 
• A repeating ground trace orbit (RGTO) is a 
circular orbit with a period equal to/less 
than/more than the Earth's rotational period and 
an orbital eccentricity of approximately zero. 
The RGTO is an orbit to operators of Earth 
observation and imagery satellites.  
• The satellite orbits in the direction of the Earth's 
rotation, at different altitudes and orbital period 
produce the repeating position to the 
ground station.  
 
3.1.4. Molniya Orbit 
• Molniya orbit (MOO) is an ellipse orbit with a 
period less than or more than the Earth's 
rotational period and an orbital eccentricity of 
approximately one. The MOO is an orbit to 
operators of spy and spacecraft satellites.  
• The satellite altitudes are two differences 
between apogee and perigee that make 
significant on security purpose.  
 
3.1.5. Sun Synchronous Orbit  
• A Sun synchronous orbit (SSO) is a circular 
orbit with ninety-seven degrees inclination to 
the Earth's equator, with a period equal to the 
Earth's rotational period and an orbital 
eccentricity of approximately zero..  
• Sun synchronous orbits are useful because they 
can directly receive the solar energy from the 
Sun to storage and to produce the electricity on 
solar cell. The SSO is an orbit to operators of 
Earth observation, navigation, communication, 
and remote sensing satellites. 
 
 
 
 
 
3.2) Orbit Calculation 
 
According to Salem, Zaki, & Wahdan (2005), 
all types of satellite orbit calculation are 
similarly starting with following,  
 
3.2.1. Semi-major Axis (a) 
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3.2.2. Apogee Radius (ra) 
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3.2.3. Perigee Radius (rp) 
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3.2.4. Apogee Altitude (Aa) 
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3.2.5. Perigee Altitude (Ap) 
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3.2.6. Orbital Period (T) 
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3.2.7. Mean Motion (n) 
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3.2.8. Eccentricity (e) 
 
a
ra
a
ar
rr
rr
e
pa
pa
pa −
=
−
=
+
−
=  (8) 
 
From equation on (1),(2),(3),(4),(5),(6),(7), and 
(8), Adams & Rider (1987) stated that we can 
calculate all eight parameters where we defined 
satellite’s gravity according to Earth’s mass 
5 3 23.986500 10 /GM km sµ = = × and the 
Earth’s radius 6,378Er km= .  
 
3.2.9. Orbital Calculated Result Example 
 
Table 1 is an example of circular orbit 
calculation. The results on all eight parameters 
are semi-major axis, apogee and perigee radius, 
apogee and perigee altitude, orbital period, 
mean motion, and eccentricity shown as below.    
.  
Table 1: Orbit Calculation of CIO 
Parameters  Results 
a  26562 km  
ra 26562 km  
rp 26562 km  
Aa 20184 km  
Ap 20184 km  
T 43082.05 s  
n  0.0001458  
e  0  
Note: The circular orbit is that the semi-major axis, 
apogee radius, and perigee radius are the same values. 
The apogee and perigee altitudes are equal distance from 
the Earth’s ground. 
 
3.3) Orbit Simulation 
 
The orbit simulation was programmed to show 
the motion of satellite orbit in two dimensions. 
Figure 1 illustrates an example of two 
dimensions on orbit simulation. 
  
 
Figure 1: An example of two dimensions on 
orbit simulation 
 
The two dimensions are not enough to meet the 
research objectives according to the limitation 
of students’ understanding based on Chouraqui, 
S. & Benyettou, M. (2005).  
 
So, the researchers modified and created the 
orbit simulation into the three dimensions as 
shown in Figure 2.  
 
Figure 2 illustrates an example of three 
dimensions on orbit simulation. 
  
 
Figure 2: An example of three dimensions on 
orbit simulation 
 
The three dimensions on orbit simulation was 
created and used in the class. The students 
seemed to be excited and interested how the 
orbital moving around the globe.   
 
4) STUDENTS’ ACHIEVEMENT 
 
Students are taught and studied with the 
e-Learning on satellite orbit. At the beginning 
of class, the researchers gave the pretest to 
students. At the ending of class, the researchers 
gave the posttest to students. A statistic analysis 
was conducted to compare learning outcomes 
measured by pretest and posttest across the 
students’ achievement. The result of student’s 
achievement is shown on Table 2. 
  .  
Table 2: Students’ Achievement 
Test N x  SD t  Sig. 
Pretest 7 4.5714 0.97590 -4.655 0.001 
Posttest 7 7.7143 1.49603   
Note: The result of this research is the achievement score 
of students at less than 0.01 in significant statistical level. 
 
The result of using the e-Learning on satellite 
orbit design in the class teaching indicated that 
the achievement score of students on score on 
the e-Learning is higher than the before 
achievement score of students at less than 0.01 
in significant statistical level.  
 
 
5) CONCLUSIONS 
 
The development of e-Learning on satellite 
orbit design is the subject content that gives 
and helps students to learn how to design, to 
create, to modify, and to control the satellite’s 
orbit.  The development of e-Learning on 
satellite orbit design is divided into three parts 
which are the concept design, orbit calculation, 
and simulation. The result of this research 
indicated that the achievement of master’s 
degree students who studied in electrical 
communications engineering program, 
Department of Engineering Education, Faculty 
of Industrial Education, King Mongkut’s 
Institute of Technology Ladkrabang is 
improved according to learning with the 
development of e-Learning on satellite orbit 
design.  
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